Purpose: In 2004, the American Society for Radiation Oncology (ASTRO) published its first physics education curriculum for residents, which was updated in 2007. A committee composed of physicists and physicians from various residency program teaching institutions was reconvened again to update the curriculum in 2009. Methods and Materials: Members of this committee have associations with ASTRO, the American Association of Physicists in Medicine, the Association of Residents in Radiation Oncology, the American Board of Radiology (ABR), and the American College of Radiology. Members reviewed and updated assigned subjects from the last curriculum. The updated curriculum was carefully reviewed by a representative from the ABR and other physics and clinical experts. Results: The new curriculum resulted in a recommended 56-h course, excluding initial orientation. Learning objectives are provided for each subject area, and a detailed outline of material to be covered is given for each lecture hour. Some recent changes in the curriculum include the addition of Radiation Incidents and Bioterrorism Response Training as a subject and updates that reflect new treatment techniques and modalities in a number of core subjects. The new curriculum was approved by the ASTRO board in April 2010. We anticipate that physicists will use this curriculum for structuring their teaching programs, and subsequently the ABR will adopt this educational program for its written examination. Currently, the American College of Radiology uses the ASTRO curriculum for their training examination topics. In addition to the curriculum, the committee updated suggested references and the glossary. Conclusions: The ASTRO physics education curriculum for radiation oncology residents has been updated. To ensure continued commitment to a current and relevant curriculum, the subject matter will be updated again in 2 years. Ó
INTRODUCTION
In 2002 the Radiation Physics Committee of the American Society for Radiation Oncology (ASTRO) appointed an ad hoc ''Committee on Physics Teaching to Medical Residents.'' The main objective of this committee was to develop a core curriculum for physics teaching in radiation oncology residency programs with the explicit goal of improving consistency in radiation oncology physics teaching intensity and subject matter (1, 2) . This is the third in a series of these core physics curricula for radiation oncology medical residents with updates to the subjects and added references from previous versions.
The Accreditation Council for Graduate Medical Education instituted the Outcome Project in 2001. The project introduced six core competencies into the process of graduate medical training: patient care, medical knowledge, practicebased learning and improvement, interpersonal and communication skills, professionalism, and systems-based practice. The project finished the phases of definition and integration in [2001] [2002] [2003] [2004] [2005] [2006] and is currently in Phase 3 of ''resident performance data as the basis for improvement and providing evidence for accreditation review'' (3). One of the key competencies is medical knowledge. It is essential to define not only the scope of the knowledge required for medical practice of a certain specialty but also the assessment of the degree of acquisition of such knowledge. Successful radiation oncology practice requires strong physics background knowledge. The available assessment of physics knowledge comes from the pass rate for the American Board of Radiology (ABR) written examination and the American College of Radiology (ACR)'s in-training examination scores. Both of these organizations have physics examination committees that strive to update examination questions for relevance and accuracy. The challenge is in deciding the relevancy and corresponding complexity of information presented in the training programs; this physics curriculum will address this issue. In summary, by updating previous curricula, this physics curriculum aims to continue to improve teaching contents and assessment consistency.
METHODS AND MATERIALS
The committee was composed of physicists and physicians from various teaching institutions with active residency programs. Members had associations with the American Association of Physicists in Medicine, ASTRO, the Association of Residents in Radiation Oncology, the ABR, or the ACR. The latter two organizations' representatives were on their respective physics examination committees, which provided a feedback loop between the examining organizations and ASTRO.
For the new curriculum, members reviewed and updated assigned subjects from the last curriculum. Each subject had up to three reviewers contributing to the update. Once the edits were compiled, the committee held a face-to-face meeting to finalize the subject matter included in the curriculum.
RESULTS
The new curriculum resulted in a recommended 56-h course, excluding initial orientation. The committee also decided to complement some particular subjects with hands-on experience obtained during a physics rotation. Table 1 summarizes the curriculum. After careful review of the teaching flow, the subject hours were slightly adjusted, and subjects were reordered. The appendix was revised to describe the details and learning objectives for each subject. In addition, the glossary was updated.
DISCUSSION
The updated curriculum was completed and approved by the ASTRO Board of Directors in April 2010. Changes were made to update the curriculum according to technological needs and to strengthen the educational experience of medical residents in radiation oncology physics. It is our hope that the physicists teaching medical residents will adopt the recommended curriculum and that the ABR will consider using the curriculum to develop its written physics examination for medical residents. The ACR has already used the previous ASTRO curriculum to develop their training examinations question bank.
The 2007 ASTRO curriculum report (1) illustrated that there are many variations in physics instruction to medical residents across training programs. Even though most residency programs provide physics courses to Postgraduate Year 2 residents, some teach different subjects (or levels) to different year residents. The total classroom time ranges widely from program to program (24-118 h). Such lack of consistency clearly demonstrates varying emphases in and commitment to physics teaching in training programs across the country. Inadequate classroom time can be detrimental to the educational experience and training of radiation oncology residents.
Our committee developed a revised curriculum that includes 56 h of lectures, which will provide the necessary consistency as the previous two curricula strived to do. Each residency program should embrace the revised curriculum and make a commitment to provide recommended classroom time for residents to take this physics course in its entirety at least once during their resident training. The course should be supplemented with hands-on training in subjects that include radiation measurement and calibration, photon-beam characteristics and dosimetry, assessment of patient setup and verification, three-dimensional treatment planning, and intensity-modulated radiotherapy. Hands-on training is most useful for residents in the latter part of their training.
Finally, the committee did not make a recommendation for a textbook for the lecture-based physics course. This decision is left to each individual institution. However, suggested references are included (see Appendix E1 and Table 1 ) for instructors to evaluate for use in teaching or as recommended student reading. We anticipate that future curricula will be available online and will include teaching modules and associated examination questions for each section. The curriculum will be updated again in 2 years.
